ARTICLE IN PRESS
Introduction
While a number of clinician-rated scoring systems exist for assessing outcomes of surgical procedures on the elbow (including the Mayo Elbow Performance Score [MEPS] [1] and the Hospital of Special Surgery elbow scoring system [2] ), outcomes of health care interventions are increasingly being assessed using Patient-Reported Outcome Measures (PROM). PROM are health status questionnaires that assess outcomes from the patient's perspective, where analysis is generally focused on the amount of change that has occurred in the patient's condition following treatment. PROM that are well developed and appropriately applied are independent of the surgical team, thereby minimizing the risk of bias [3] .
PROM vary in their level of specificity, or focus. Thus, the recently developed Oxford Elbow Score (OES) PROM was designed and validated [4, 5] specifically for assessing outcomes of elbow surgery, while other PROMS that have been applied in this context include the upper limb specific DASH [6] and the generic SF-36 general health survey [7, 8] . An advantage of using a specific outcome measure is that, because it is particularly focused on the condition (or anatomical site) of interest, it is likely to be the most responsive to change in that condition. In prospective outcome studies, such as a clinical trial, the responsiveness of an outcome measure --its ability to detect change when it has occurred [9, 10] is an essential characteristic of the validity of the measure [11] [12] [13] .
Any measures considered to be appropriate for assessing outcomes of elbow surgery should be able to detect differences in outcomes between different surgical subgroups, where they occur. Rheumatoid arthritis (RA) is the underlying condition responsible for patients requiring a variety of surgical procedures on the elbow, although, since the 1970s, patients with RA have increasingly been treated with arthroplasty [14, 15] . Because RA is associated with many comorbidities and tends to affect more than one joint [16] [17] [18] , treatment, rehabilitation and outcomes assessment that typically concern just one joint may differ, or be hampered by these additional problems. Surgical outcomes might therefore be expected to differ for patients with RA compared with those for other patients. Determining the degree to which an outcome measure can demonstrate different scores for groups known to differ represents a form of construct validation (known groups validation). This paper has two main aims: the first is to compare outcomes for patients with RA as compared with patients without RA at 6 months following elbow surgery. The second is to examine and contrast the ability of different measures used for assessing the elbow, both patient-reported and clinician-rated, and which reflect different levels of specificity, to detect differences in outcomes between these two groups. We hypothesized a priori that the elbow-specific measures (the patient-reported OES and the clinicianassessed MEPS) would be more responsive than the upper limb specific (DASH) or generic (SF-36) measures.
Methods and materials
Local ethics committee approval was obtained (Oxfordshire REC B reference 04.OXB.021) and all subjects consented to participate in the study.
Study population
Between March 2004 and October 2006, patients aged 18 years and over were recruited consecutively by a research officer at a specialist orthopaedic centre within 4 weeks prior to receiving elbow surgery. Of those approached, 104 out of 106 patients agreed to participate. Patients had been recruited to participate in a study to develop the Oxford Elbow Score (OES) questionnaire [4, 5] where a sample size of 100 was considered sufficient. Full details of the recruitment procedures and sample size have been reported in the context of this initial work [4] .
Patients were assessed by self-completed questionnaire and by standard clinical examination during their preadmission clinic appointment. These assessments were repeated at 6 months following surgery when patients attended an outpatient clinic. Patients who did not attend this appointment completed their assessment by post.
Assessments
Preoperative questionnaires included:
• demographic and joint comorbidity items; • The OES [4] ;
• the Disabilities of the Arm, Shoulder and Hand (DASH) disability/symptom scale [6] ; • the SF-36 general health questionnaire version II [7, 8] .
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Demographic items included age, sex, level of education (''Which of these best describes your highest qualification?'' with response options: ''no formal qualifications'', ''some qualifications/no degree'', ''degree or higher''); employment details (''What is your current employment status?''; response options: ''employed full-time'', ''employed part-time'', ''homemaker/carer'', ''retired'', ''student'', ''unemployed'').
Joint comorbidity (upper limb only) was measured by the question: ''Do you currently have a problem with any of the following joints?'' with response options (yes/no format in each case): ''Right: fingers, wrist, elbow, shoulder, neck''; all repeated for the left side. A question followed concerning handedness: ''Are you: right-handed, left-handed or both/neither?'' (yes/no response options in each case). Another question asked about fitness and sports participation: ''Do sports or fitness activities play an important part in your life?'' (yes/no responses).
The OES is a validated PROM [4, 5] containing 12 items, each with five response options, comprising three separate underlying dimensions (Elbow Function, Elbow Pain, SocialPsychological) each containing four items. Item responses of Likert format are each scored from 0 to 4 (where 0 represents greatest severity). The scale scores for each domain are calculated as the sum of each individual item score within that dimension. Raw scale scores are then converted to a metric from 0 (severe disability) to 100 (no disability).The DASH [6] is a 30-item, self-report questionnaire designed to measure physical function and symptoms in people with disorders of the upper limb. Item responses, of Likert format, are scored from 1 to 5 (where 5 represents greatest severity) and are used to calculate one final score ranging from 0 (no disability) to 100 (severe disability). The OES and the DASH are thus scored in opposite directions.
The SF-36 generic health status instrument contains 36 items. It provides scores on eight dimensions: physical functioning (PF), social functioning (SF), role limitations due to physical problems (RP), role limitations due to emotional problems (RM), mental health (MH), energy/vitality (V), bodily pain (BP) and general health perceptions (GH) over the last 4 weeks. Scores for each dimension range from 0 (poor health) to 100 (good health).
When the OES, DASH and SF-36 assessments were repeated at 6 months post-surgery, a ''transition'' item was added to measure patients' judgments of change in terms of pain (''How is the pain in your elbow now, compared with before your elbow surgery?'') scored from 0 (no pain/problems now), through 1 (much better), 2 (slightly better), 3 (no change), 4 (slightly worse), to 5 (much worse). A satisfaction item was also included: ''Overall, how pleased have you been with the result of the surgery on your elbow, so far?'' Response options were: ''very pleased'' (scored 0), ''fairly pleased'' (1), ''not very pleased'' (2), ''very disappointed'' (3).
Clinical assessment
During the pre-and 6-month post-surgical outpatient appointments, an upper limb surgeon completed an examination using the standard Mayo Elbow Performance Score (MEPS) [1] . In this scale, pain, motion, stability and function account for 45%, 20%, 10% and 25% of the overall score respectively, with low scores representing greater severity. On the preoperative assessment form, an item with standard response options obtained details of the patient's main elbow diagnosis (with response options: ''osteoarthritis-primary'', ''osteoarthritis-secondary,'' ''rheumatoid arthritis'', ''post-traumatic stiffness'', ''epicondylitis'', or ''another condition''). The postoperative assessment form asked for details of the type of operation that the patient had received (with response options: ''arthroscopy'', ''synovectomy/radial head excision'', ''tennis elbow release'', ''olecranon bursa excision'', ''ulna nerve decompression'', ''elbow replacement'', ''other [please specify]'').
Statistical methods
Data were analysed using SPSS version 17 [19] . Baseline characteristics of patients were compared between those diagnosed with RA and all other patients using either chisquared tests (for categorical data) or t tests (continuous data) to assess statistical significance. Denominators vary to a small extent because of missing responses on some items: individual patients were excluded from analyses where they provided incomplete data.
Mean preoperative scores and 6-month postoperative change scores and effect sizes (ES) were calculated for the OES, DASH, MEPS and SF-36 scales comparing patients with RA versus all other diagnoses affecting their elbow. Calculated by dividing the mean change in scores (post-surgical minus pre-surgical scores), by the standard deviation (SD) at baseline (pre-surgical score), the ES represents the extent of change identified by an instrument in a unitless way to facilitate direct comparisons between instruments [20] . An ES of 1.0 represents a change of one SD in the sample. Values of 0.2, 0.5 and 0.8 are typically regarded as indicating small, medium and large degrees of change, respectively [20, 21] . While there was some non-normality in the distribution of absolute baseline and, to a lesser extent, follow-up scores, change scores approximated to a Normal distribution, enabling the use of parametric statistics to examine the statistical significance of any differences between the two diagnostic categories.
Possible reasons for RA patients' different outcomes, compared with other patients, were explored using linear regression. Analyses were conducted to compare the contribution of patients' diagnoses (categorised as RA versus ''other''), type of surgery (categorised as total elbow replacement [TER] versus ''other'') and baseline outcome scores (OES: elbow Function, Pain and Social-Psychological domain scales) to their 6-month postoperative OES change scores. Adjusted analyses used the forced/simultaneous entry method.
Statistical significance was taken at the 5% level throughout, with 95% confidence intervals (CI) used to express the degree of uncertainty around the estimates. Given the size of the sample, the study had 80% power to detect a difference of ∼30% in categorical outcomes and a moderate effect size of .60, between patients with and without RA at P < 0.05.
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Results
The baseline study sample comprised 104 patients, 59 male (57%), who were booked for various forms of elbow surgery for one elbow (61, 59%, right sided elbow) and whose mean age was 47.0 (SD 15.1, median 47, range 18-81) years. Patients' primary diagnoses were: rheumatoid arthritis (RA) 23 (22%), primary osteoarthritis (OA) nine (9%), secondary OA 23 (22%), post-traumatic stiffness 12 (12%), epicondylitis 11 (11%), or ''other conditions'' 26 (25%).
Two out of the original 104 planned elbow operations were cancelled and two others were postponed beyond the study period. Of the remainder, 62 were fully assessed in an outpatient appointment at 6 months post-surgery, while a further 12 completed their follow-up assessment (questionnaires only) by post. Thus, 74 (74%) eligible patients received at least one form of follow-up assessment. Table 1 shows patients' characteristics, comparing those with a diagnosis of rheumatoid arthritis and those with other diagnoses. There were many statistically significant demographic and clinical differences between the two groups. Patients with RA were more likely to be female than other patients (n = 17, 73.9% versus n = 28, 34.6%; P = 0.001) and more likely to be older (n aged 55 ± 17, 73.9% versus n = 19, 23.5%; P < 0.001). They were less likely to be in full-time employment (n = 5, 21.7% versus n = 46, 56.8%; P < 0.001), more likely to have concurrent bilateral elbow problems (n = 13, 56.5% versus n = 16, 19.8%; P = 0.001) and more likely to require surgery for their left (usually non-dominant) elbow (n = 15, 65.2% versus n = 28, 34.6%; P = 0.008). In addition, more than half of the patients with RA had problems affecting their wrist (n = 12, 52.2%) and/or fingers (n = 16, 69%) on the same side as the elbow receiving surgery, compared with around 25% of other patients (P = 0.017 and P < 0.001, respectively). The range of operations that patients with RA received was limited to total elbow replacement (TER) (n = 12, 85.7%) or arthroscopy (n = 2, 14.2%) only, while other patients received a wide variety of operations including TER (n = 6, 10.5%), arthroscopy (n = 13, 22.8%), tennis elbow release (n = 8, 14.0%), synovectomy/radial head excision (n = 7, 12.3%), ulna nerve decompression (n = 7, 12.3%), or ''other surgery'' (n = 16, 28.1%).
At 6 months following surgery, patients with RA were nonsignificantly more likely than other patients to report that their elbow pain was ''none/much better'' (n = 12, 80.0% versus n = 33, 55.9%, P = 0.08) and that they were ''very pleased'' with the result of the surgery (n = 11, 73.3% versus n = 29, 49.2% P = 0.149). However, these differences were not detected by the upper limb specific DASH, nor by any of the SF-36 general health dimensions. Table 3 shows that following simultaneous adjustment for diagnosis, type of surgery, and baseline elbow-specific questionnaire score, only patients' baseline questionnaire score remained statistically significantly associated with their 6-month postoperative change score (OES Function, Pain and Social-Psychological domains all P < 0.001).
Discussion
We found that amongst people undergoing elbow surgery, demographic and clinical characteristics (e.g., in age, sex, work status, side of operation, bilateral problems and type of surgery) differed between patients who did and did not have an underlying diagnosis of RA. Furthermore, patients with RA reported significantly greater improvements following surgery than other patients.
We had expected that patients with RA might have a poorer outcome following elbow surgery than other patients because the presence of related comorbidity could hamper rehabilitation or influence (worsen) outcome scores. Thus, our finding that patients with RA experienced a significantly greater degree of change in their elbow problems, as detected by the two elbow-specific measures (the patient-reported OES and the clinician-assessed MEPS), and non-significantly higher levels of satisfaction with the outcome of their surgery than other patients was unexpected. These findings were not evident in analyses using the lessspecific measures: the DASH (upper limb specific measure) and the generic SF-36 and thus suggest that neither the upper limb specific DASH nor the SF-36 is specific or responsive enough to warrant its exclusive use as an outcome measure for elbow surgery. The results supported the a priori hypothesis regarding the increased responsiveness of elbowspecific measures relative to less-specific measures and provide additional evidence of the satisfactory responsiveness, together with further evidence of construct validity (''known groups validation'') of the OES PROM in the context of elbow surgery.
We used multiple regression analysis to determine the factors with significant independent effects on outcome. Results suggested that the reason for the apparently better outcomes of RA (i.e., significantly greater elbow-specific change scores) compared with other patients was their poorer baseline score: after adjusting for this score no statistically significant effect of RA diagnosis remained. Thus, the better outcomes of people with RA compared with other patients was explained not by the fact that a very high proportion of patients with RA had had their elbow joint replaced, but that patients with RA simply had greater scope for improvement. Indeed, many of the baseline differences between RA and other patients had the potential to influence outcomes of elbow surgery. Therefore, if an observational study were to investigate outcomes in this context, it would be necessary to adjust for the effects of Responsiveness of outcome measures following elbow surgery 5 such differences if patients both with and without RA were to be compared.
